biological triad which must be studied as one complete whole, and this study is essentially what we mean by ecology ". In this sense ecology is rather a point of view or attitude of mind than a definable science. Indeed all biological phenomena can be regarded from the wide holistic or ecological aspect in addition to the limited viewpoint of the super-specialist. The biochemist, for example, as he racks his brains to devise some process which will help him to arrive at the structural formula of a new compound that he has isolated from an animal's body, is thinking as a chemist pure and simple. When he reflects on how the properties of his new compound helps the animal in its struggles with the environment and other animals, he is thinking ecologically.
Owing to the ever-increasing accumulation of facts, and the ever-growing unwieldiness of scientific literature, it becomes more and more difficult to maintain an ecological outlook on one's work, and the would-be research worker, consciously or unconsciously, often gives up the attempt, and thinks it unprofitable to venture a serious opinion on any scientific subject outside his own specialty. Nevertheless I cannot but agree with Johan Hjort (1920) who says: " Sooner or later every student of natural history must face and try to solve the great problem of how to orient his own particular branch of science with respect to the principles of science in general. " Epidemiology, especially, has to draw on the data and use the methods of many other sciences, and the epidemiologist has to try to keep all the factors involved in the origin and distribution of epidemic and endemic disease in view at the same time,
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Proceedings of the Royal Society of Medicine 2 and take care that each factor is seen in proper perspective. In fact scientific epidemiology is medical ecology. Every disease and epidemic is a complex of numerous variable factors. It is not strictly true to say that a specific case of pneumonia was caused by a chill, or that one of typhoid fever was due to eating oysters-even could it be known that but for the chill or the oysters no illness would have materialized. We know that no illness could have arisen had not the specific germs been present and the patient's anti-microbic resistance been low enough to permit of the germs' invasion. Similarly all epidemics are caused equally by the type and distribution of the whole parasitic fauna and flora, by the type and distribution of the various orders of host-resistance to the said parasitic flora and fauna, and by the prevailing environmental conditions, such as the density and motion of the population, the weather and the food supply. These environmental conditions are secondary factors which act by modifying the mutual reactions of the primary factors-to wit, parasitic invasiveness and host-resistance. According to time and place, similar epidemics may be mainly originated by changes in dissimilar factors. At one time a drop in host-resistance may be the main factor involved, at another time it may be a rise in parasitic virulence, while at yet another time or place there may be little change in herd-immunity or parasitic quality, but a similar exacerbation of disease may be caused by a spell of bad weather favouring microbic transmission or by a famine lowering the non-specific resistance of the population to parasitic attack.
THE MEASUREMENT OF EPIDEMIC FACTORS A really scientific description of an epidemic would involve our being able to measure quantitatively all the causative factors and their rate of change. Hopeless as this may appear in our present state of knowledge, there is no need for absolute despair. A start has been made in estimating the relative weight of some of the factors which determine epidemics. In the case of diphtheria and scarlet-fever, for example, herd-immunity can be gauged by Schick and Dick test frequencies. By the use of animal-protection tests, it is possible to discover the geographical, social and age distribution of immunity to many virus diseases, and in malaria, spleen rates can be used as an index of local herd-immunity. The virulence of many human specific parasites can be measured on laboratory animals and is often found to be a reliable index of their power to damage human beings. In this way differences in the laboratory virulence of different strains of the pneumococcus, dysentery bacillus and salmonella bacteria are found to be associated with the type of epidemic they may produce in man.
Many environmental factors-besides mere atmospheric changes in temperature, humidity, pressure and so forth-are measurable. For example, population density may be given as numbers per square mile, floor-space per inhabitant of a' dormitory, or number of individuals per room, &c. The Registrar-General's Statistical Reports show how the incidence of infectious diseases such as cerebrospinal fever and pulmonary tuberculosis generally increase with number per room, but there are many intriguing exceptions to the rule. Another environmental factor, which must have increasing weight in these days of travel and rush, is what Stocks has called the " circulation factor ". This factor depends on the amount, range and type of movement and intermixing among the individuals in the herd, and on the amount of migration into and out of the community. This factor, so far, baffles all attempts to measure it, but one sub-factor in the circulation factor can be estimated, namely, the rate at which fresh members enter and leave a herd. Of this I will speak later.
Food and water-supply are still of paramount importance as vehicles of infection in backward countries, and, to our shame, milk is still an important source of tuberculosis and other diseases in England, as witness the recent epidemic of typhoid fever in Bournemouth. I do not want to dwell on sanitation to-day, but the importance of defective sanitation in medical ecology, even in the most progressive of countries, must never be forgotten.
Food, or rather lack of it, and defective dietaries, are believed by some authorities to lower herd-immunity to infectious diseases. Attempts to measure the relative degree of herd-malnutrition in different places and among social classes have been made by taking censuses of the family budgets, or noting the incidents of known deficiency diseases, such as rickets, anaemia, or dental caries. In this connexion a pretty method of measuring vitamin A deficiency is instructive. Wald (1934) has shown that vitamin A is an essential constituent of the visual purple of the retina and the vitamin is therefore necessary for normal night vision by the dark-adapted eye. Jeans and Zentmire (1934) have used this discovery to estimate the amount of latent vitamin A deficiency in groups of children. They devised apparatus for measuring a subject's capacity for seeing dim lights in a dark room. It was found that children who were suffering from night-blindness were promptly cured by the administration of vitamin A. Hence the frequency of night-blindness could be used as a measure of the degree of latent vitamin deficiency in the herd.
The medical and agricultural entomologist have realized the importance of ecology to a greater extent than any other class of zoologist. The ecology of insect and other vectors of disease is too big a subject to do more than mention here, and moreover I have touched on it elsewhere (Dudley, 1934) . It may be pointed out, however, that all the various factors which operate in the one host man, also operate in the other hosts-mosquito, tick, snail, &c. That is to say, the whole epidemic or disease complex is complicated by having to take into consideration the density, resistances, incidence of infection, circulation factor, malnutrition, &c., of both the intermediate and the definitive host-man is as much the vector of mosquito malaria as the mosquito is the carrier of human malaria.
To conclude: In spite of the great difficulties in the way of satisfactorily describing any epidemic, manv of the factors which determine the distribution and type of infectious disease in the community are less imponderable and easier to measure than they were at the beginning of the century.
NATURAL ACTIVE IMMUNIZATION
On the first occasion on which I had the privilege of addressing this Section (Dudley, 1929) , the fact was stressed that man and other animals adapt themselves to the pathogenic microbes in their environment by acquiring a specific immunity to each species of potentially pathogenic microbe with which they make contacts. According to the kind of microbe and other circumstances, the process of acquiring immunity may be accompanied by a more or less severe reaction which we recognize as a specific infectious disease, or, in many bacterial and virus infections, immunity is, more often than not, acquired by latent infection without any recognizable signs of disease. Clinical disease or patent infection may be called patent immunization; subclinical, carrier, inapparent, or latent infection is also the process of latent immunization. The two together comprise natural active immunization. I make no excuse for again harping on this subject because it is still far from being generally appreciated that natural active immunization is the most important host or human factor in the evolution and decline of epidemics and in the distribution and severity of all infectious diseases.
In certain infections, under conditions when latent immunization predominates over patent or symptomatic immunization, the process not only produces and increases herd-immunity without evidence of the fact, but may be necessary to prevent those already immune from losing their acquired resistance to clinical attacks.
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Moreover, the absence or relative infrequency of any patent or latent infections in a community may allow the herd-immunity to decline to a dangerous level without any warning. Hence a certain amount of continuous latent immunization is necessary for the maintenance of the herd's immunity. Briefly, the rate of acquiring or losing specific herd-immunity is determined by the intensity of the immunizing influences in the environment. As with specific acquired immunity, true natural genetic resistance to parasitic invasion must be very variable from individual to individual; but, in contrast to acquired herd-immunity, racial or genetic herd-immunity must remain relatively constant in communities where mating is at random.
One of the chief defences against microbes is natural genetic immunizability, which is the facility of acquiring specific immunity should the environmental conditions at any time require it. In the case of diphtheria, although immunizability, as represented by the capacity to produce diphtheria antitoxin after injections of diphtheria prophylactics, is extraordinarily variable, yet I never found an individual in whom such a capacity was altogether lacking. It may be assumed, therefore, that everyone has the power of making diphtberia antitoxin. Nevertheless, in the more sheltered social classes, or in areas which are uninhabited by C. diphtheri.e, the majority of the members of a community may go through their lives without ever having had need to exercise their natural genetic immunizability against diphtheria.
The matter is still further complicated by the fact that immunizability itself can be increased by appropriate stimuli and thus become partly a hereditary innate, and partly an acquired potentiality. It is a general immunological law that subjects that have had a dose or two of antigen, short of producing the homologous antibody, or who, having once possessed the said antibody, have subsequently lost it, will for ever after respond more rapidly and extensively to minimal doses of the same antigen. This is Glenny's well-established " law of primary and secondary stimuli " which holds good for natural active immunization in the field as well as for artificial immunization in the clinic or laboratory, The fact that specific immunity could be acquired latently by environmental stimuli of the right sort was proved experimentally, as regards natural human diphtheria antitoxin, for the first time at Greenwich (vide Dudley, 1922) . At that time the theory of latent immunization received considerable opposition, and many preferred the hypothesis that natural immune-bodies and protective substances appeared in the blood as a hereditary genetic growth phenomenon--a ripening of the blood-serum, as the Germans term it. Although it is logically impossible to prove an absolute negative and dogmatically to declare that specific antibodies, as sueb, never appear as a purely genetic character, yet, as time passes, the assumption that specific antibodies are only stimulated by their homologous specific antigens is proving to be a valuable working hypothesis for discovering the presence and distribution of many bacterial and viral agents of disease in human populations.
To-day, the finding of antitoxins, protective substances, or other antibodies, in the serum of an individual is generally accepted as valid evidence that the said individual was at some time in his life patently or latently infected by the homologous micro-organisms. As an example we may take what is perbaps the most startling and unexpected discovery in modern medical ecology. By means of the mouse-protection test yellow fever immunes were discovered in the wilds of South America. This discovery in turn confirmed the fact that yellow fever exists as an endemic jungle fever. This type of the disease is spread by wild species of mosquitoes in areas where the domesticated Aedes wgypti, which was previously supposed to be the only vector of yellow fever, does not exist. Moreover, it is evident that there must be a reservoir for the virus in some species of monkey or Soper (1936) , who gives a good summary of this work, says: " The epidemiology of yellow fever was, during many years and until quite recently, one of the best examples of a closed argument in all medicine ". The belief that there was only one specific insect vector which occupied one very restricted niche-the domestic water vessels-the permanence of the immunity conveyed by an attack of yellow fever, the apparent rarity of non-symptomatic infections, and lastly, the dramatic success of preventive measures based on these premises, made most people confident that there was nothing more of any consequence to be learnt about the epidemiology of yellow fever. Nevertheless, some of the epidemic and clinical characters of yellow fever had always raised doubts in my mind if the above really did tell the whole story. There were the unexpected reappearances of yellow fever after its successful irradication from South American towns and reports of sporadic cases of supposed yellow fever from regions in which Aedes a3gypti had not yet been found. Moreover, the very short period during which a human yellow fever patient can infect mosquitoes, combined with a very high case fatality or a life-long immunity, always made me feel suspicious that there must be some undiscovered reservoir of the virus in order to explain how it was that natural selection had not eliminated yellow fever from the New World long ago.
In connexion with this subject, last year (Dudley 1935 Since Farr's time the density of the population has been recognized as an important environmental factor in determining the amount of infectious disease in a community. Nevertheless, unless the relative weight of the other factors which influence morbidity in the community is known and, more especially, the intensity of natural immunization in the herd, the association of population density and infectious disease will present many strange anomalies. Exceptions to the density " law " are often found when urban and rural morbidities are compared. Very often the incidence-and, what is more important, the severity-of an infectious disease is at times greater in sparsely populated districts than in the overcrowded cities. This anomaly is largely explained by the scarcity or absence of infection in the country for long periods resulting in a low intensity of natural immunization, so that, when virulent or epidemic strains of a specific infection do gain a footing, they cause a greater proportion of severe and patent infections in the country than in the town, where mild and latent infections more often predominate. This inference is supported by the low Schick and Dick test frequencies so characteristic of rural as compared with urban communities. The morbidity and severity of disease in town and country should also be considered in relation to Burnet's law (vide infra). This is also probably why the weedy cockney recruit often stands up better to the bacterial environment of the fighting services than the hearty, well-nourished countryman. In fact in the Navy, the fishermen reservists from the distant Hebrides and north of Scotland are notorious for " going sick", during their periods of training in the south, with measles and other comimon childish ailments.
In the Service training establishments there is a high incidence of common minor respiratory infections which are entered in the sick records as tonsillitis, chills, influenza, catarrh, and so forth. These minor infections generally increase with population density. What is more important, however, is that the proportion of such minor infections, to be followed by the major complications-otitis media, pneumonia, and acute rheumatism-becomes much higher as the population density increases. Glover (1932) has noted the same phenomenon outside the services, and he considers that the relatively greater frequency of these serious complications is the most significant and alarming indication of overcrowding. At first I was of opinion that the high incidence of disease in the Service depots was due to overcrowding pure and simple. In public schools, the incidence of minor infections, and still more of their serious sequele as mentioned above, is very much lower than among Service recruits. It was assumed that this must be because the publicschool boy was given more spacious accommodation, but when the matter was looked into it was found that the training establishments gave as much space per boy as in certain public schools whose morbidity was not exceptional. Publicschool boys should be more susceptible to infection in general than Service recruits Section of Epidemiology and State Medicine who, being older, and coming from a less sheltered class, have been exposed for a longer time to immunizing influences of a more intense nature. Differences in population density are therefore inadequate to explain the differences in the morbidity of the two classes. Although there are many differences in the life and habits of public-school boys and recruits, yet the only one whose weight seems to be great enough to account for the excess of morbidity in the training establishments is the difference in the rate of change of population.
The more rapidly recruits pass through a training establishment-or, what is the same thing, the shorter the period of training-the population density remaining constant, the greater is the incidence of all infectious diseases. Also it may be remarked that injuries and accidents increase with the rate of change of population for practically the same reason as do diseases. Recruits on joining the Services have to learn to manipulate all sorts of apparatus and machinery and to perform unfamiliar physical exercises, and, until their neuro-muscular co-ordination mechanisms are adapted to the Service environment, the accident-rate of trainees is high compared with that of trained men. Similarly, the reticulo-endothelial system and other tissues responsible for resisting parasitic attack have to be educated to deal with the pathogenic microorganisms whlch they meet under the conditions of close living inseparable from Service life. This adaptation is accompanied by a great eiacerbation in the morbidity of all kinds of infections-a phenomenon which I call " the recruits' epidemic," Adaptation to the naval bacterial environment takes place pretty quickly, because, within two years of entry, the incidence of most diseases among trained sailors who have passed through the recruits' epidemic is, as far as the available statistics go, less than among adults of similar age and class ashore, although by force of circumstances the sailors live under conditions which, according to the latest standards for dwellings ashore, would be considered gross overcrowding. The chief factor which determines the differential morbidity of infectious disease in training ships, public schools, and other institutions appears to be the rate at which fresh susceptibles are added to the community. This factor varies directly with the rate of change of population and inversely with the herd-immunity of the new additions to the population. In the boys' naval training establishments the period of training may be less than a year which is only a fifth or a sixth of the time a boy stops in a public school. The much greater rate of change of population among the naval boys should outweigh the lower herd-immunity of the public-school boys, and should make the rate of addition of susceptibles to the training establishments greater than in the public schools. This hypothesis receives support from work by Topley, Greenwood and others on experimental epidemics among mice which prove the importance of the rate of the addition of fresh susceptibles in determining the mortality rate in herds of mice. In the population at large, outside the Services, the recruits are the newborn infants. In this connexion I have been struck by the fact that in the dense urban populations that exist in some foreign countries, as for instance Canton city in China, or the urban areas of Malta, the prevalence of acute infectious disease is so much smaller than the density of the population and low standards of hygiene and living would lead one to expect, as far as can be judged from the cases admitted to hospitals and the amount of sickness among the native employees of the Admiralty and other bodies. But in these environments the infantile mortality and loss of child life are truly colossal. This mortality is analogous to the " recruits' epidemic " and is perhaps the price which the adult population pays for its relative immunity. Here, however, we are dealing with the general biological law that the struggle to survive is always most intense among the immature members of the species, whether these are the seedlings in the forest, the tadpoles in the pond, or the babies in the slum. Malnutrition bulks large in the Press to-day and some enthusiasts apparently believe that a great improvement in the public health would take place if everyone was supplied with and compelled to use a scientific diet. It is rather a strange thing that so little is really known about the effects of herd-malnutrition on the morbidity of infectious diseases, seeing that the two fundamental physiological needs for the existence of any species are adequate nutrition and reproduction, and that of the two the former is the more urgent, since a species can exist for a generation or two without propagating itself, but cannot exist for a week or two without eating. Cathcart (1935) , as a physiologist, says: " The principal benefit accruing from dietary improvement lies, possibly, in increased resistance to the ravages of disease. I do not believe, however, that the incidence of diseases like scarlet fever, diphtheria, measles, &c., will be reduced "-which would seem to imply that improved nutrition would not affect epidemic infections but would diminish the amount of non-infectious conditions. Mellanby (1934) believes that definite vitamin lack is a potent factor in lowering the resistance to pyogenic and respiratory infections, and McCarrison (1936) states that gastro-intestinal infections are largely caused by faulty diets. Topley, Greenwood, Hill, and Wilson (1936) were unable to find any significant differences in the experimental epidemic mortality among the herds of mice fed on adequate and deficient diets. Robert Hutchison (1936) , as a clinician, is of opinion that there is only one disease (tuberculosis) in which it is certainly true that resistance is increased by improved nutrition. Hutchison clarifies the subject by distinguishing between under-nutrition or deficient calories, and malnutrition which is due to vitamin or other deficiency in the diet. He also issues a timely caution that over-nutrition is perhaps as great a cause of illness as malnutrition, and we are already bearing of disorders attributed to hypervitaminosis.
Finally Friend (1936) found no convincing changes in the morbidity of infectious disease before and after improving the diet of the Christ's Hospital schoolboys.
If we turn back for a moment to the problem of the differential morbidity of naval recruits and public-school boys, the above evidence makes it scarcely possible to attribute, as has been done, the excess of morbidity among the former to an undiscovered defect in the diet. To-day all Service diets are most carefully scrutinized to see that they fulfil modern requirements as regards quality. As regards quantity, the energy value of the diet given to naval boy seamen is over 4,000 calories. After Dr. Hutchison's warning it would appear easier to attribute any ill-health among boy seamen to overfeeding rather than to malnutrition! It is fair to conclude that under-nutrition or mal-nutrition, short of real starvation and gross vitamin or other deficiency, cannot be a factor of much significance in the incidence of most acute bacterial and virus infections in England, which comparative statistics show is relatively the best-fed nation in Europe. In the case of epidemics of protozoal disease among poorly fed natives abroad malnutrition may be an important factor, and epidemics of this nature are often associated with famines. In tuberculosis, everywhere, under-nutrition has a malignant influence on the origin and course of the disease.
PARASITIC VARIATION
The last problem which I want to discuss is how far does microbic variation, within a so-called species of pathogenic organism, effect the incidence and characters of a specific herd-infection. In the earliest days of bacteriology Pasteur always produce a more serious illness than S. pneumonim Type I. Therefore differences in the frequency distribution of the serological types of pneumococcus largely determine the clinical type and fatality of pneumonia outbreaks. Diphtheria is also a disease whose clinical and epidemic character is to a large extent determined by the prevailing types of the diphtheria bacillus. Diphtheria is also responsible for the concept that there are epidemic and endemic strains of specific bacteria. The epidemic strains of C. diphtheria, in addition to producing more extensive and severe outbreaks, tend to cause much higher carrier rates than the common endemic variants. A strange anomalous character of the epidemic diphtheria bacilli which had invaded a certain naval school was their ability of causing latent carrier infection in certain Schick-susceptible subjects without stimulating the appearance of antitoxin in their blood. Such subjects must therefore have had some line of defence against diphtheria bacilli other than circulating diphtheria antitoxin. Also these epidemic types of diphtheria bacilli must have been poor latent immunizers, compared with the endemic type where the co-existence of the carrier state and a positive Schick reaction was almost unheard of. This inference that some epidemic diphtheria bacilli were poor antigens as regards the stimulation of human diphtheria antitoxin was supported by the observation that subjects who had been naturally or artificially immunized lost their Schick immunity more frequently when the epidemic "gravis" C. diphthersae was predominant than when the endemic "mitis" C. diphtheriae was the prevalent cause of latent infections. It would seem therefore the greater virulence or invasiveness of some epidemic types of diphtheria bacilli must depend 9 65 Proceedings of the Royal Society of Medicine on a character other than the possession of a greater toxigenicity (vide Dudley, May, and O'Flynn, 1935) .
PARASITIC MIUTATION: A CAUSE OF EPIDEMICS
No one, however, now denies that many epidemic phenomena are the result of changes in the predominance of the several variants of the same named species of organism. This is a truism which must be kept distinct from the exceedingly difficult problem: How far are these numerous variants, types, groups, and strains of a so-called species of micro-organism constant and immutable, or how often and under what circumstances is one variant transformed into another ? In the laboratory numerous variations or mutations can be induced deliberately, as well as happen by chance, in pure cultures of micro-organisms, but there is little reliable evidence from the human field that the characters of an epidemic, its origin, course, or subsidence are influenced by direct mutations or continuous gradual variation of the responsible micro-organisms. This lack of direct evidence from the field of epidemiology is not surprising when we consider the difficulties of proving that a change in the parasitic herd inhabiting the host herd is the result of a mutation rather than due to the introduction of fresh varieties of parasite from outside the herd. From this point of view, Topley and his colleagues (1936) description of the origin of a new strain of Bact. aertrycke is of fundamental significance to the medical ecologist. This new bacterial mutation had a lower virulence, or power of damaging its host, but possessed an infectivity, or facility of infecting fresh hosts, of a far higher order than the parent strain of Bact. aertrycke. The observation is therefore of double interest, as it shows that parasitic virulence, though usually increasing with infectivity, does not of necessity always do so.
The best evidence from human sources that direct variation of a parasite species may be the primnary cause of an epidemic is supplied by observations which have been made on malaria-the only disease commonly employed as a therapeutic agent. Malaria is the one disease therefore in which man can be used legitimately as an experimental animal. James, Nicol, and Shute (1936) by taking advantage of this fact were able greatly to increase the virulence-or "physical vigour and vitality" as they prefer to call it-of a benign tertian strain which was of ordinary virulence when at first isolated. After the exaltation of its virulence the sexual forms of this parasite appeared earlier, and in far greater numbers, in the blood of the patients who were artificially infected with it. The mosquitoes which were fed on these patients became more heavily infected than normally and passed on this hypervirulent strain of parasite in larger doses, and for a longer time, than was the case with insects fed on ordinary cases of benign tertian malaria. James shows that the case fatality, temperature charts, and blood picture of malaria produced artificially in England by his hypervirulent parasite corresponds closely with the same characters as those exhibited by the cases of "epidemics" malaria in the 1934-35 Ceylon outbreak, and he is of opinion that the primary cause of great malaria outbreaks is the change in the character of the parasite-that is to say the direct mutation of " endemic" into "epidemic " strains of the causative microorganism. In order to produce a great pandemic of malaria it appears essential that this primary factor should coincide with a superabundance of the mosquito vector and a low degree of herd-immunity, as indicated by a low spleen rate in the population. Gill (1936) their normal biological controls and are multiplying logarithmically at an excessive rate, so that there is everywhere a superabundance of female mosquitoes searching for blood-blood, which, if James is correct, contains a much greater concentration of gametocytes than usual-appears to account for the explosive nature for the Ceylon and other epidemics of malaria. However, until further data is at hand one must preserve an open mind as to which of these two hypotheses describes the facts most accurately. Very possibly, as so often is the case, both will be found to be partly true, and an exacerbation of the relapse rate to be yet another factor for consideration in the evolution of a malaria epidemic.
One of the best examples of an epidemic which almost certainly arose by an alteration in the characters of the causative bacterium, is to be found in the old naval records of sickness (Dudley, 1931) . In 1860 there was recorded a unique and unprecedented epidemic of pulmonary disease from the Mediterranean Station chiefly confined to one ship which returned 219 men diagnosed as cases of "phthisis"
or"cachexia pulmonis." Only six of those patients died, a 3 per cent. fatality at a time when the case fatality in the Navy for true pulmonary tuberculosis was 50 per cent.
Analysis of the sick records proved beyond any serious doubt that the vast majority were cases of pulmonary undulant fever. It is also more than probable that the strain of Brucella involved had acquired the faculty of spreading from man to man by droplet infection without the intermediary of the goat. This attempt of Brucella melitensis, a specific parasite of the goat, to establish itself as a droplet-borne infection of the foreign host-species-man-shows how new diseases may arise from the successful attempts of suitable variants of the specific parasites of one hostspecies to adapt themselves to the conditions of life in another host-species.
PARASITIC ABERRANCY AND NEW DISEASES
As I mentioned last year, Theobald Smith actually suggested that most epidemics were caused in the above way, by aberrant parasites. Burnet (1936) describes another good example of this phenomenon in psittacosis. The virus of this disease may remain completely latent in certain species of Australian parrots, causing, to use Burnet's own expression, an "unapparent infection," while in other species of the same order of birds the psittacosis virus will cause illnesses of all degrees of severity. Further, latent bird infections at times cause outbreaks of severe psittacosis in man, though long periods may pass when, for some unknown reason, human beings escape attack, in spite of the presence of infected birds. Burnet also.believes " that all epidemiological problems can be most profitably studied along ecological lines " and he illustrates his thesis with many interesting observations on the virus disorders. He divides virus diseases into first, an endemic class, such as poliomyelitis in America and yellow fever in Central West Africa, and secondly, into "new " or freshly imported diseases, as the 1933 epidemic of encephalitis in St. Louis and the 1929 outbreak of poliomyelitis in New Guinea.
In endemic areas the virus is ubiquitous and infects the infants and young children, causing, in the majority of subjects, unapparent, or very mild, cli-nical infections, followed by a specific immunity which lasts throughout adult life.
In the "new ", or freshly-introduced, class of virus diseases, the brunt of the epidemic falls on the adult members of the herd, and the infants and the very young appear to be relatively non-susceptible. This relative immunity of the young was well demonstrated in the St. Louis epidemic of encephalitis, which was undoubtedly a new " human disease, whether due to mutation of an " inapparent " human virus or to an aberrant virus from another host-species, no one can tell. The clinical features and serological characters of the virus distinguished the St. Louis outbreak from European encephalitis lethargica. The same relative immunity of the young Proceedings of the Royal Society of Medictne was well shown in the New Guinea epidemic of poliomyelitis, which was spreading on a virgin soil, and human psittacosis also attacks adults rather than children.
An interesting example of a disease of unknown atiology exhibiting, in the same place but at different periods, both Burnet's phases of a virus herd-infection, is acrodynia, which, according to Pehu (1934) , first appeared in Paris as a " new disease " in 1827. Acrodynia has an unmistakable clinical picture, including among its chief symptoms acute pain and redness of the extremities limited by the ankles and wrists. Its duration is about four months. On its first appearance acrodynia caused a fulminating epidemic of over 40,000 cases. It then attracted no attention for over seventy years. During this interval it is probable that the causative agent was perpetuated in the population as unapparent or unrecognizable, infections. Acrodynia reappeared in Paris in 1903 as a rare sporadic endemic. In the first and epidemic phase, adults suffered more frequently and more severely than children and the fatality was considerable. In the second and endemic phase acrodynia was a children's disease with an insignificant case mortality. Acrodynia is thus a perfect illustration of " Burnet's law ", in spite of the fact that a specific virus has yet to be found for it.
In order to explain the age distribution in his two classes of virus infections, Burnet (1936) says that, " a relative non-susceptibility of infants is a clear adaptation to allow survival in the presence of pathogenic organisms, until specific adult immunity can be developed ". Probably he is right, but, in accordance with the principles of natural selection, it is a little difficult to understand, either from the human or from the virus point of view, how infants came to be born immune, only to become susceptible later, unless they had the good fortune to replace their natural genetic immunity by an acquired specific immunity in early life. The whole subject of infantile non-susceptibility is most complex. There is the passive congenital immunity due to the transference of maternal antibodies via the placenta and the milk, in addition to the peculiar but well-confirmed insensitiveness or anergy (as the opposite of allergy) of the infant towards all sorts of substances-inorganic and organic poisons and irritants, as well as specific antigens. Therefore Burnet's interesting theory merits a more detailed examination than I can give it here.
The recent epoch-making work on the itiology of influenza illustrates some hostparasite relationships in which parasitic aberrancy or change of host, and parasitic variation or mutation may play an important part. Laidlaw (1935) in his Linacre lecture gave a summary of this work and pointed out how an American veterinary inspector, Koen, was so struck by the simultaneous appearance of human and swine influenza in 1918, and the similarity of their pathology, that he was sure that both host-species were suffering from the same specific infection.
Within the last year or two many observations on the clinical and immunological affinities of human and swine influenza virus led Laidla'w to say: " It is exceedingly probable that the virus of swine influenza is really the virus of the great pandemic of 1918, adapted to the pig and persisting in that species ever since." This inference receives support from Shope (1936) and others who have shown that the serum of most human adults will neutralize the swine virus, while the blood of children under the age of 12 years fails to do so, although children's serum will generally neutralize the virus of present-day influenza. As previously mentioned, this observation is nowadays generally accepted as evidence that most adults, but not children, have been infected with swine virus some time in their past.
Further circumstantial support for Laidlaw's intriguing hypothesis comes from
Wilson Smith and Stuart-Harris (1936) who described how the latter caught influenza from a ferret. This ferret strain of virus had originally come from a human source but, during its residence in a series of ferrets, the virus had acquired 12 68 new pathogenic characters, one of which was the ability to cause extensive pulmonary lesions in mice. This strain also caused some lung disturbance when transferred to Stuart-Harris and, after passage through him, was still able to produce influenzal pneumonia in mice-a character never before exhibited by a strain of influenza virus when first isolated from a human being. Provided pandemic influenza did not arise as a direct mutation of an existing human virus, these observations suggest that influenza pandemics might originate either by the exaltation of the virulence of a specific human virus by animal passage, or by the specific influenza virus of another animal straying into man and attempting to establish itself as a human parasite. The favoured theory is that swine influenza virus is an otherwise extinct human virus side-tracked in the pig. On the other hand, the swine influenza virus does little harm to its host, the pig, except when the latter is secondarily infected with swine influenza bacilli. In this respect swine virus behaves as if it were a welladapted specific parasite of the pig. Again, if this was the same virus that devastated the human race in 1918, at that time this virus displayed the character of one of the wildest of Theobald Smith's straying parasites, seeking new worlds to conquer. It is also of some significance that the pandemic virus of 1918 exhibited the characters of one of Burnet's new ", or freshly-introduced, viruses, in that adults were more severely and fatally attacked than children. It is possible, therefore, that the holocaust of 1918 was caused by an aberrant parasite of the hog rather than that swine influenza originated from a stray parasite of lomo sapiens.
In conclusion: While the direct mutation of one kind of pathogenic parasite into another may not often be responsible for epidemic phenomena, yet mutations must frequently happen among the pathogenic protozoa, bacteria, or viruses, as in all other living organisms. The vast majority of such mutations, having no survival value, die out at once, swamped by the normal offspring of the parent strain. Only on rare occasions will a mutation chance to arise when the conditions give it survival value over the other variants of the same species. But at such moments the new variant could spread and gradually replace, temporarily or permanently, any other variants of the species which were less closely adapted to the environmental conditions of the moment-and it is becoming more and more evident that " new " diseases, epidemics, and changes in the clinical characters of endemic and epidemic illness are sometimes as much the result of parasitic variation as of changes in host-resistance and environment.
There are many other host-parasitic-environment relationships of great ecological interest, with which there is no time to deal in this paper, as, for example, symbiosis, where one parasite may assist its host, or another species of parasite living in that host. There are the numerous problems concerned with secondary and multiple infections. Finally there is the fascinating subject of hyperparasitism, or the parasitism of parasites, as illustrated by the specific bacteriophages which cause disease and latent infection of the pathogenic bacteria.
I hope, however, that I have said enough to illustrate the need for an ecological outlook on epidemiology.
